Solution and membrane-bound chaperone activity of the diphtheria toxin translocation domain towards the catalytic domain.
During cell intoxication by diphtheria toxin, endosome acidification triggers the translocation of the catalytic (C) domain into the cytoplasm. This event is mediated by the translocation (T) domain of the toxin. Previous work suggested that the T domain acts as a chaperone for the C domain during membrane penetration of the toxin. Using partitioning experiments with lipid vesicles, fluorescence spectroscopy, and a lipid vesicle leakage assay, we characterized the dominant behavior of the T domain over the C domain during the successive steps by which these domains interact with a membrane upon acidification: partial unfolding in solution and during membrane binding, and then structural rearrangement during penetration into the membrane. To this end, we compared, for each domain, isolated or linked together in a CT protein (the toxin lacking the receptor-binding domain), each of these steps. The behavior of the T domain is marginally modified by the presence or absence of the C domain, whereas that of the C domain is greatly affected by the presence of the T domain . All of the steps leading to membrane penetration of the C domain are triggered at higher pH by the T domain , by 0.5-1.6 pH units. The T domain stabilizes the partially folded states of the C domain corresponding to each step of the process. The results unambiguously demonstrate that the T domain acts as a specialized pH-dependent chaperone for the C domain. Interestingly, this chaperone activity acts on very different states of the protein: in solution, membrane-bound, and membrane-inserted.